Abstract. In this paper, a novel prewitt edges operator information in spatial domain is employed as one type of feature to motivate pulse coupled neural networks (PCNN) is proposed, according to humans are often sensitive to edges and directional features. Furthermore, blocked edges information measurement is employed to reduce the computing complexity. Experimental results on subjective and objective evaluation criterion demonstrate that the Prewitt edge operator information Motivated PCNN(Prewitt-PCNN) outperforms typical SML-CT,SF-NSCT-PCNN、NSCT and SCBG fusion algorithms.
Introduction
Image Fusion is a rapidly developing research area widely used in smart transportation, remote sensing, computer vision, biomedical imaging and so on [1] [2] . The purpose of image fusion is to combine different images from several sensors to create a new image ,which will be more comprehensive and accurate. Furthermore, suitable for other image processing tasks a human or operator .
Pulse Coupled Neural Networks (PCNN) was developed by Eckhorn et al in 1990 ,which based on the experimental observations of synchronous pulse bursts in cat and monkey visual cortex [3] .It owns some excellent characters such as pulse synchronization of neurons and the global coupling ,and has been proven suitable for image processing.
Currently, PCNN has widely used in image fusion [4] [5] . In spite of many multi-focus image fusion methods based on PCNN or NSCT transform. Chunhui Zhao use redundant-lifting NSWMDA and adaptive PCNN fuse Image [5] . D. Agrawal have used spatial frequency-energy of Laplacian [6] or Y. Chai have used the improved sum-modified Laplacian (SML) [7] to motivate PCNN. But it still exist problems which cannot meet our requirements. As a matter of fact, humans are often sensitive to d directional features and edges information [8] . So another important spatial-based images fusion method called the focused region-based method can detect the clear regions of input images, and then directly transferred the pixels from clear regions into the fused image [9] [10] [11] .However, these methods may generate discontinuous phenomena and artificial information at the boundaries of focused regions ,because the boundary cannot be determined accurately [12] .
Based on the above analysis, an image fusion method Based On Prewitt edge detect information Motivated PCNN is proposed in this paper. Which employded prewitt edges detect information in spatial domain is employed as one type of feature to motivate pulse coupled neural networks, according to humans are often sensitive to edges and directional features. Furthermore,blocked edges information measurement is employed to reduce the computing complexity. Experimental results demonstrate that the proposed method is better than more existing PCNN-based fusion methods, in terms of both subjective and objective evaluations.
Prewitt Operator
Prewitt operator is a first-order differential operator edge detection, which using the image pixels vertically and horizontally adjacent dot gradation difference . Reached the edge of the extremum detection edge, to remove part of the pseudo-edge, it has a certain noise smoothing effect, the basic principle is that the image of the airspace, the use of horizontal and vertical directions templates and images to complete convolution neighborhood , these two templates are used to detect horizontal directions, vertical edge [13] .In this paper we utilize novel Prewitt magnitude to detect edge features. The Prewitt operators of horizontal and vertical are shown in (1)(2), where For digital image ( , ) f x y , Prewitt operator is defined as:
（2）
Edge matrix obtained according to Prewitt operator as： 2 2 ( , ) ( , ) ( , )
In this paper we improve on ( , ) P i j , so ( , ) P i j is defined as:
Blocked edges information measurement is employed to reduce the computing complexity, decompose the source images into blocks [3 3]  and then measure the edge information in each block.
PCNN-based Fusion Algorithm
In image processing, Pulse coupled neural networks (PCNN) is a single layer pulse coupled neural cells with a two dimensional connection as shown in Fig.1 . Pulse coupled neural networks (PCNN) is a feedback network and each PCNN neuron consists of four parts [14] : the external stimulus ,the receptive field, the modulation field, and the pulse generator as shown in Fig.2 . 
In s （5） （6） （7） （8） ，the feeding input x denote the pixels in the k th  block of the fused image and two source images respectively.
Prewitt Edge Detect Information Motivated PCNN-Based Fusion Algorithm (Prewitt-PCNN)
In this paper, Prewitt edge detect information introduced in section 2 is considered as one type of feature to motivate PCNN. The schematic diagram of the Prewitt-PCNN-based algorithm is shown in Fig.3 . The proposed Prewitt-PCNN-based fusion algorithm is implemented as follows:
Step1：Decompose the source images into blocks [3 3]  and measure the edge information of input image in each block. Then the edge information matrix Step3：Get the decision map k ij D based on (6), which is the fusion rule proposed in this paper. which is block of source images with larger edge information is employed as the blocks of the fused images.
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Step4: According to the filtered decision map k ij D by using (7) and (8) 
, : 0
Experimental Results and Evaluation
In order to show the advantages of the new image fusion method, using clock and pepsi selected as test images to verify the algorithm proposed in this paper. Fig.4 (a) are (b) are source Multi-focus images with size 512×512. In the experiments, parameters of PCNN set as Comparison of SML-CT , SF-PCNN-NSCT [15] ,NSCT [16] , SCBG [17] and the proposed method in terms of both subjective and objective evaluations. Mutual information (MI) and QAB/F are employed as information-based objective criteria are used to compare the fusion results. The values of MI and QAB/F of the two sets of images are listed in Table 1 . From Table 1 , we can see that the values of MI and QAB/F of the proposed method are all most the largest and optimal in the six fusion methods, besides the QAB/F of the proposed method is lower than NSCT when fused 'clock' .This indicate that the fused image obtained by the proposed method can retain much more focused information from the source images.
For further comparison ,besides objective criteria ,visual observation are used to compare the fusion results. Fig.4 (c)-Fig.4 (g) shows the visual observation of fused images shown in Fig.4 (a) and Fig.4 (b) . Because source image is clear in the labeled part, so the lower residue features in the difference images, which are gotten by subtracting Fig.3 (a) , means the better the transfer features of source images to fused images. Especially, blurry edges, presented in the zoomed out parts, show the pseudo-Gibbs phenomena which reduces visual quality of the fused images. Fig.4 (l) mark portion is substantially no residual image characteristic value, in comparison with Fig.4(h)-Fig.4 (k) . This shows that information of source images are best transferred into fused image in our image fusion algorithm.
Conclusion and Discussion
A novel prewitt edges operator information in spatial domain is employed as one type of feature to motivate pulse coupled neural networks (PCNN) is proposed in this paper, according to humans are often sensitive to edges and directional features. Furthermore, blocked edges information measurement is employed to reduce the computing complexity. Experimental results on subjective and objective evaluation criterion demonstrate that the Prewitt edge operator information Motivated PCNN(Prewitt-PCNN) can efficiently transfer the information from source images to fused image.
